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ORIGINAL CONTRIBUTION

Variation in the Diagnosis and Management of
Appendicitis at Canadian Pediatric Hospitals
Graham C. Thompson, MD, Suzanne Schuh, MD, Jocelyn Gravel, MD, Sarah Reid, MD, Eleanor
Fitzpatrick, RN, MN, Troy Turner, MD, Maala Bhatt, MD, Darcy Beer, MD, Geoffrey Blair, MD, Robin
Eccles, MD, Sarah Jones, MD, Jennifer Kilgar, MD, Natalia Liston, MD, John Martin, MD, Brent Hagel,
PhD, and Alberto Nettel-Aguirre, PhD, on behalf of Pediatric Emergency Research Canada

Abstract
Objectives: The objective was to characterize the variations in practice in the diagnosis and management of
children admitted to hospitals from Canadian pediatric emergency departments (EDs) with suspected
appendicitis, speciﬁcally the timing of surgical intervention, ED investigations, and management strategies.
Methods: Twelve sites participated in this retrospective health record review. Children aged 3 to
17 years admitted to the hospital with suspected appendicitis were eligible. Site-speciﬁc demographics,
investigations, and interventions performed were recorded and compared. Factors associated with afterhours surgery were determined using generalized estimating equations logistic regression.
Results: Of the 619 children meeting eligibility criteria, surgical intervention was performed in 547 (88%).
After-hours surgery occurred in 76 of the 547 children, with signiﬁcant variation across sites (13.9%,
95% conﬁdence interval = 7.1% to 21.6%, p < 0.001). The overall perforation rate was 17.4% (95 of 547),
and the negative appendectomy rate was 6.8% (37 of 547), varying across sites (p = 0.004 and p = 0.036,
respectively). Use of inﬂammatory markers (p < 0.001), blood cultures (p < 0.001), ultrasound (p = 0.001),
and computed tomography (p = 0.001) also varied by site. ED administration of narcotic analgesia and
antibiotics varied across sites (p < 0.001 and p = 0.001, respectively), as did the type of surgical approach
(p < 0.001). After-hours triage had a signiﬁcant inverse association with after-hours surgery (p = 0.014).
Conclusions: Across Canadian pediatric EDs, there exists signiﬁcant variation in the diagnosis and
management of children with suspected appendicitis. These results indicate that the best diagnostic and
management strategies remain unclear and support the need for future prospective, multicenter studies
to identify strategies associated with optimal patient outcomes.
ACADEMIC EMERGENCY MEDICINE 2015;22:811–822 © 2015 by the Society for Academic Emergency
Medicine

A

ppendicitis is the most common nontraumatic
surgical emergency in children,1,2 yet it continues to present diagnostic and management

uncertainty.3 Current strategies for diagnosing appendicitis include the use of clinical scoring systems,4–7 laboratory markers of infection and inﬂammation,8–10 and
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diagnostic imaging studies such as ultrasound (US) or
computed tomography (CT).11–14 These tests are limited
by suboptimal accuracy, limited availability, or potential
for adverse effects15 in the pediatric population, compelling health care providers to seek better diagnostic
strategies for children presenting to the emergency
department (ED) with suspected appendicitis. Recent
evidence demonstrates that combining these strategies
into clinical pathways may be an effective way to
improve diagnostic accuracy;16–19 however, the extent
to which this knowledge has been translated into practice in EDs is not known.
Similarly, the optimal approach for managing children with appendicitis has not been conclusively identiﬁed. Traditionally, appendicitis has been considered a
surgical emergency in an attempt to mitigate adverse
patient outcomes (perforation, abscess formation, sepsis). Recent literature, however, demonstrates that
delaying appendectomy until daytime hours may be safe
practice and has fueled the debate between emergent
and urgent appendectomy,20–26 nonsurgical management of uncomplicated appendicitis,27–29 and the potential effect these approaches may have on patient
outcomes such as perforation. Antibiotic monotherapy
in uncomplicated appendicitis has been proposed as an
alternative to traditional triple therapy to simplify ED
processes, reduce error, and decrease antibiotic resistance.30 In addition, the use of analgesia has been
shown to be highly variable in multiple painful conditions presenting to the ED,31–35 and appendicitis is likely
no exception.
Given the lack of conclusive national standards for
the diagnosis and management of pediatric appendicitis
in Canada, and the documented practice variation for
other common pediatric emergency presentations,36–42
the objective of this study was to characterize the variations in practice for the diagnosis and management of
children with suspected appendicitis who were admitted
to Canadian academic hospitals. The study aims were
focused on 1) after-hours surgical intervention (primary
aim, due to perceived implications for patient safety,
and responsible resource utilization), 2) ED investigations including laboratory and imaging studies, and 3)
ED interventions such as the administration of analgesia
and antibiotics. This information will inform future outcome-focused research and knowledge translation platforms to optimize care of this population.
METHODS
Study Design
This was a multicenter retrospective health record
analysis. Protocol approval and waiver of consent from
the research ethics board at each of the institutions was
granted.
Study Setting and Population
Twelve health care institutions from across Canada participated in the study (Janeway Children’s Health and
Rehabilitation Centre, St. John’s, NL; IWK Health Centre, Halifax, NS; Centre Hospitalier Universitaire SteJustine, Montreal, QC; Montreal Children’s Hospital,
Montreal, QC; Children’s Hospital of Eastern Ontario,

Ottawa, ON; Kingston General Hospital, Kingston, ON;
Hospital for Sick Children, Toronto ON; Children’s Hospital London Health Sciences Centre, London, ON; Winnipeg Children’s Hospital, Winnipeg, MB; Alberta
Children’s Hospital, Calgary, AB; Stollery Children’s
Hospital, Edmonton, AB; British Columbia Children’s
Hospital, Vancouver, BC). All sites are tertiary-care hospitals with 24-hour ED coverage and are members of
both Pediatric Emergency Research Canada (PERC) and
Canadian Association of Pediatric Surgeons (CAPS).
Eleven sites have dedicated pediatric EDs, and one has
a general ED. The participating sites represent seven
Canadian provinces and have between 23,000 and
81,800 pediatric ED visits annually.
Children aged 3 to 17 years with suspected appendicitis who were admitted to hospital from Canadian academic EDs were analyzed. Children admitted to the
pediatric intensive care unit were excluded as they were
more likely to be managed according to institutional
sepsis pathways rather than receive routine appendicitis
care. We excluded those children in whom the primary
workup was performed outside of the managing hospital. Those under 3 years old were not included as these
children have limitations in verbal skills and the presentation of appendicitis is often atypical.43
Study Protocol
Each of the participating institutions reviewed the
health records of children consecutively admitted to
hospital with suspected appendicitis during two study
periods (starting February 1, 2010, and October 1, 2010)
until at least 25 eligible subjects were reviewed for each
time period, for a total of 50 children per site enrolled.
The two distinct study periods were chosen to account
for seasonal variability in ED presentations and practice
patterns.
A standardized data extraction form was used to
obtain relevant information from electronic and paper
health records at each site. At each participating hospital, the department of medical records identiﬁed consecutive records of children admitted to hospital within the
study time period using the International Classiﬁcation
of Disease-version 10-Canada (ICD-10-CA) discharge
diagnosis codes for appendicitis, suspected appendicitis,
or rule-out appendicitis (K35-37). Trained research
assistants blinded to the primary research question
reviewed all identiﬁed health records and entered relevant data from eligible records into REDCap,44 a secure
Web-based application designed to support data capture for research studies (hosted and supported by the
Women and Children’s Health Research Institute’s Clinical Research Informatics Core at the University of
Alberta). Data were included only from the ED visit that
lead to admission. Extracted data included elements
related to demographics, presenting signs and symptoms, investigations and interventions performed in the
ED, hospital admission data, surgical interventions, and
hospital discharge metrics.
Deﬁnitions. The outcome of appendicitis was deﬁned
as either 1) a pathology report documenting appendicitis or acute inﬂammation of the appendix or 2) an abdominal abscess related to perforated appendix requiring
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intravenous (IV) antibiotics and/or percutaneous drainage with interval appendectomy. Perforation was deﬁned
as either 1) pathology report indicating any positive documentation of perforation, rupture, or any disruption of
the integrity of the appendix or 2) abdominal abscess
related to perforated appendix requiring IV antibiotics
and/or percutaneous drainage with interval appendectomy. After-hours surgery was deﬁned as operative
intervention occurring between midnight and 08:00
(daytime = 08:01 to 17:00, evening = 17:01 to midnight).
Surgical intervention included delayed appendectomy following initial management with a drain and antibiotics.
Outcomes
The primary outcome was the performance of appendectomy after hours among children undergoing surgical
intervention. Secondary outcomes included the negative
appendectomy rate and perforation rate; the rate of laboratory and imaging studies, analgesics, and antibiotics
performed in the ED; and the rate of laparoscopic and
open surgical approaches. We also evaluated patient disposition and hospital ﬂow metrics such as time from triage to admission, to surgery, and to discharge.
Data Analysis
As the after-hours time frame represents one-third of
the day, the proportion of after-hours surgery was esti-

mated at 0.33. To obtain a margin of error of less than
10% (0.09) for 95% conﬁdence intervals (CIs), 105
appendectomies would be required prior to adjusting
for the design effect of cluster sampling.45 Enrolling 50
children from individual sites, with an estimated intraclass correlation (ICC) of 0.1 (conservative estimate to
account for potential variation within clusters), the
design effect was estimated at 5.9. Therefore, a total
sample size of approximately 600 children would be
required, with 12 sites enrolling 50 children each to provide sufﬁcient numbers.
Data were analyzed using Stata version 12.1. Descriptive statistics are reported for patient characteristics
and for the proportions of ED and surgical interventions. Continuous numerical variables were reported as
means with standard deviation (SD) for normally and
symmetrically distributed data or as medians with interquartile range (IQR) for nonnormal or nonsymmetrical
distributions. Categorical variables were reported as
proportions with 95% CI. Differences in baseline characteristics and between-site practices were tested using
the chi-square or Fisher’s exact tests for proportions
and analysis of variance (ANOVA) for continuous variables. For ANOVA analyses in which the assumption of
equality of variance was violated (Levene’s t-test for
equality of variance) or normality was violated, the
Kruskal-Wallis test was performed.

937 records
reviewed

318 not eligible (note: some subjects had
multiple reasons for ineligibility.)
• 3 – age
• 36 – no Dx appendicitis
• 15 – no admission
• 2 – PICU admission
• 270 – transfer with investigations done

619 records
eligible

547 surgical
intervention

813

72 no surgical
intervention

510 appendicitis

Figure 1. Study eligibility. Dx = diagnosed; PICU = pediatric intensive care unit.
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To test for predictors of after-hours surgery across
sites, generalized estimating equations (GEE) logistic
regression (binomial logit) with exchangeable correlation matrix was used. GEE modeling included the predetermined candidate variables of age, sex, after-hours
triage, pediatric Canadian Triage and Acuity Scale
(CTAS),46 duration of abdominal pain, performance of
at least one imaging study in the ED, performance of
at least one US, performance of at least one CT, negative appendectomy, and perforation. Variables were
selected based on biological and scientiﬁc plausibility
related to patient characteristics, potential severity of
illness, timing of presentation, and resource availability. Relaxation of the routine 10 cases per variable (i.e.,
rule of thumb for sample size) was used according to
Vittinghoff and McCulloch,47 as our event per variable
rate was 7.6 and prevalence of outcome was 14%.
Candidate variables were entered in the model, which
was not weighted or reduced via elimination to ensure
a more parsimonious model. The signiﬁcance alpha
level was set at 5% for statistical testing and 95% CIs
are reported where appropriate. 95% CIs were
reported using exponentiated coefﬁcients. Inter-rater
reliability was performed on a random sample of 2%
of subjects enrolled using the primary outcome variable, and GEE modeling variables are reported as an
overall kappa value as well as per variable (Data Supplement S1, available as supporting information in the
online version of this paper).
RESULTS
Of the 937 records screened, 619 met eligibility criteria
(Figure 1); 352 (56.9%) eligible children were males,
and the mean (SD) age was 11.4 (3.5) years. The
majority of children (325, 52.5%) presented to the ED
during daytime hours and two-thirds were triaged for
urgent assessment (CTAS 3).46 Patient demographic
data are shown in Table 1, and site-speciﬁc demographics are summarized in Data Supplement S2
(available as supporting information in the online version of this paper). A total of 547 of 619 children (88%)
underwent surgical intervention (Table 2). The remaining 12% were discharged home following a period of
observation. None of the children in this cohort were
managed with nonoperative treatment of acute appendicitis.
Primary Outcome: After-hours surgery
After-hours surgery was performed in 76 of 547 children (13.9%, 95% CI = 7.1% to 21.6%) with signiﬁcant
variation across sites (Table 3). The calculated ICC and
design effect from clustering were 0.10 and 5.41, respectively.
At six of the 12 participating sites, after-hours surgery occurred in fewer than 10% of cases. Site
(p < 0.001), after-hour triage (p < 0.001), and duration of
abdominal pain (p < 0.020) were associated with afterhours surgery. Given 76 after-hours appendectomies
and 10 variables (event per variable = 7.6), GEE
logistic regression modeling indicated that after-hours
triage (coefﬁcient = –1.523; adjusted odds ratio = 0.217,
95% CI = 0.063 to 0.744) was inversely associated with

after-hours surgery (Table 3). Minimal collinearity
between predictor variables was seen (all square root of
variance inﬂation factors < 2); moreover, there was no
evidence of violation of linearity for continuous predictors. The model remained robust following exclusion of
outliers and sequential exclusion of sites (to account for
clustering).
Secondary Outcomes: Perforation and Negative
Appendectomy
The overall performance rate was 17.4% (95 of 547),
while the negative appendectomy rate was 6.8% (37 of
547). Perforation was associated with reported duration
of abdominal pain (p = 0.049, unadjusted). Signiﬁcant
variation in both perforation and negative appendectomy rates existed across sites (p = 0.004 and p = 0.036,
respectively). After-hours surgery was not an independent predictor of either perforation or of negative
appendectomy (unadjusted p-value = 0.746 and p =
0.805, respectively).
Other Outcomes of Interest: Investigations
Figure 2 describes the use of laboratory investigations
and the variation across sites. A white blood cell (WBC)
count was the most commonly and consistently performed test (96.6%). Inﬂammatory markers (erythrocyte
sedimentation rate, C-reactive protein) and blood

Table 1
Characteristics of Children Admitted to Hospital for Suspected
Appendicitis (N = 619)

Characteristic
Number enrolled
Age (yr),
mean (SD)
Male, n (%)
Triage time
category (%)
Day
(08:01–17:00)
Evening
(17:01–00:00)
Night
(00:01–08:00)
Canadian
Triage and
Acuity Scale (%)
1
2
3
4
5
Prior ED visit
for same
illness (%)
Duration of
abdominal pain
in hours,
median (SD)

Overall
Population*

Range
Across Sites

619
11.4 (3.5)

50–55
10.0–12.9

352 (57)

22–35 (40–70)

325 (52)

22–33 (40–66)

203 (33)

13–23 (26–42)

91 (15)

4–12 (8–24)

p-value†
<0.001
0.106
0.602

<0.001
11
72
412
112
2
56

(2)
(12)
(66)
(18)
(0)
(9)

24 (49)

0–11 (0–22)
1–21 (2–42)
24–42 (47–82)
1–26 (2–47)
0–1 (0–2)
1–10 (2–20)

0.026
<0.001

*Site-specific data available in Data Supplement S1.
†Comparison of data across sites based on individual-level
data. Tested by chi-square, Fisher’s exact, or ANOVA as
appropriate.

28
14
13
1
0
41

411
170
177
60
4
570

95 (17.4)
37 (6.8)

205 (37)
266 (49)
76 (14)

4 (8.0)
2 (4.0)

11 (22)
22 (44)
17 (34)

(88)
(2)
(10)
(0)

44
1
5
0

446
4
90
7

(82)
(1)
(16)
(1)

26 (51)
25 (49)
50 (98)

316 (51)
303 (49)
547 (88)

(55)
(27)
(26)
(2)
(0)
(80)

31 (61)
21 (41)

381 (62)
265 (43)

(66)
(27)
(29)
(10)
(1)
(93)

51

Site 1

619

Data reported as n (%).
IV = intravenous; OR = operating room.
*Comparison across sites.

ED management
Analgesia administered
Any
Narcotic
Antibiotics administered
Any antibiotic
Single therapy
Double therapy
Triple therapy
Other (% antibiotics)
Bolus IV fluids
administered
Disposition from ED
Direct to OR
Admit to ward
Surgical intervention
Approach
Laparoscopic
Laparoscopic to open
Open
Percutaneous drain
Surgical time category
Day, 08:01–17:00
Evening, 17:01–00:00
Night, 00:01–08:00
Pathologic diagnoses
Perforation
Negative appendectomy

Overall

(40)
(31)
(7)
(2)
(0)
(98)

(29)
(0)
(70)
(0)

5 (20.8)
1 (4.2)

14 (58)
9 (38)
1 (4)

7
0
17
0

12 (22)
43 (78)
24 (44)

22
17
4
1
0
54

20 (36)
9 (16)

55

Site 2

(72)
(34)
(2)
(32)
(4)
(98)

(93)
(4)
(2)
(0)

11 (23.4)
1 (2.1)

15 (32)
27 (57)
5 (11)

44
2
1
0

18 (36)
32 (64)
47 (94)

36
17
1
16
2
49

34 (68)
24 (48)

50

Site 3

(84)
(54)
(6)
(22)
(2)
(100)

(54)
(0)
(46)
(0)

15 (31.2)
1 (2.1)

18 (38)
27 (56)
3 (6)

26
0
22
0

22 (44)
28 (56)
48 (96)

42
27
3
11
1
50

41 (82)
37 (74)

50

Site 4

Table 2
Management Strategies and Outcomes in Pediatric Appendicitis by Site (N = 619)

(65)
(15)
(44)
(6)
(0)
(71)

(88)
(0)
(12)
(0)

4 (8.2)
2 (4.1)

25 (51)
24 (49)
0 (0)

43
0
6
0

17 (33)
35 (67)
49 (94)

34
8
23
3
0
37

31 (60)
19 (27)

52

Site 5

(72)
(15)
(58)
(0)
(0)
(85)

(56)
(2)
(40)
(2)

14 (25.9)
6 (11.1)

34 (63)
18 (33)
2 (4)

30
1
22
1

28 (51)
27 (49)
54 (98)

40
8
32
0
0
46

30 (57)
25 (45)

55

Site 6

(62)
(32)
(4)
(26)
(0)
(96)

(100)
(0)
(0)
(0)

10 (22.7)
1 (2.3)

17 (39)
20 (45)
7 (16)

44
0
0
0

41 (82)
9 (18)
44 (88)

31
16
2
13
0
48

32 (64)
19 (38)

50

Site 7

(62)
(28)
(28)
(6)
(0)
(94)

(93)
(0)
(0)
(7)

6 (14.6)
9 (22.0)

23 (56)
17 (41)
1 (2)

38
0
0
3

13 (26)
37 (74)
41 (82)

31
14
14
3
0
47

35 (70)
17 (34)

50

Site 8

(62)
(2)
(48)
(12)
(0)
(100)

(98)
(0)
(2)
(0)

5 (11.1)
3 (6.7)

21 (47)
21 (47)
3 (7)

44
0
1
0

33 (66)
17 (34)
45 (90)

31
1
24
6
0
50

31 (62)
30 (60)

50

Site 9

(88)
(73)
(16)
(0)
(2)
(94)

(90)
(0)
(8)
(2)

9 (18.4)
4 (8.2)

13 (27)
29 (59)
7 (14)

44
0
4
1

30 (59)
21 (41)
49 (96)

45
37
7
0
1
48

36 (71)
23 (45)

51

Site 10

(42)
(2)
(38)
(2)
(0)
(98)

(84)
(0)
(16)
(0)

11 (22.0)
2 (4.0)

5 (10)
29 (58)
16 (32)

42
0
8
0

49 (98)
1 (2)
50 (100)

21
1
19
1
0
49

26 (52)
23 (46)

50

Site 11

(92)
(18)
(64)
(9)
(0)
(94)

(87)
(0)
(9)
(4)

1 (2.2)
5 (10.9)

9 (20)
23 (50)
14 (30)

40
0
4
2

27 (50)
27 (49)
46 (84)

50
10
35
5
0
51

34 (63)
17 (31)

55

Site 12

0.004
0.010

<0.001

<0.001
<0.001
<0.001
<0.001

<0.001

<0.001

0.001
0.001

p-value*

ACADEMIC EMERGENCY MEDICINE • July 2015, Vol. 22, No. 7 • www.aemj.org
815

816

Thompson et al. • VARIATIONS IN DIAGNOSING AND MANAGING APPENDICITIS IN CANADA

Table 3
Predictors of After-hours Surgery as Determined by Generalized Estimating Equation (GEE) With Logistic Regression Modeling

Variable
Age (yr), mean (SD)
Male, n (%)
After-hours triage (%)
CTAS, mean (SD)
Reported duration of
abdominal pain, hr,
mean (SD)
Any diagnostic imaging
performed in the ED (%)
Any US performed
in the ED (%)
Any CT performed
in the ED (%)
Negative appendectomy*
Perforation†

GEE modeling

After-hours Surgery
(n = 76)

Regular Hours Surgery
(n = 471)

Unadjusted
p-value

AOR

95%CI

11.5 (3.3)
48 (63.2)
2 (2.6)
3 (0.7)
39.5 (53.3)

11.4 (3.5)
274 (58.2)
89 (18.9)
3 (0.6)
38.4 (49.7)

0.225
0.452
0.001
0.301
0.020

1.009
0.802
0.217
1.053
1.000

0.936–1.088
0.474–1.357
0.063–0.744
0.696–1.593
0.995–1.005

53 (69.7)

356 (75.6)

0.249

0.358

0.117–1.102

49 (64.5)

309 (65.6)

0.885

1.467

0.500–4.305

4 (5.3)

18 (3.8)

0.528

1.337

0.301–5.935

4 (5.3)
12 (15.8)

33 (7.0)
83 (17.6)

0.805
0.746

1.420
1.044

0.409–4.935
0.548–1.987

AOR = adjusted odds ratio; CTAS = Canadian Triage and Acuity Scale; GEE = general estimating equation.
*As per pathology report
†As per pathology report or percutaneous drainage for appendiceal abscess.

(a)

(b)

(c)

(d)

(e)

(f)

Figure 2. Variations in investigations performed in the ED by site. (a) Any blood tests performed in the ED; (b) CBC performed in
the ED; (c) ESR performed in the ED; (d) CRP performed in the ED; (e) blood cultures performed in the ED; (f) urinalysis performed
in the ED. Error bars represent 95% CIs. Horizontal solid and dotted lines represent the proportion in the overall population with
95% CIs. CBC = complete blood count; CRP = C-reactive protein; ESR = erythrocyte sedimentation rate.

cultures were completed in a minority of patients, with
signiﬁcant variation across sites (p < 0.001 in each of
the three variables). Urinalysis was performed in 80%
of subjects and was more commonly performed in
females than males (85.6% vs. 75.6%, p = 0.002).
Diagnostic imaging utilization varied signiﬁcantly
across sites (Figure 3). At least one imaging study was
done in 477 of 619 children (77.5%), with signiﬁcant variation between sites (p = 0.001). Abdominal plain ﬁlms
were performed in 131 (21.2%) children, with signiﬁcant
variation between sites (p = 0.001); one-third of all
abdominal plain ﬁlms were performed at a single site.

US was completed in 415 (67.0%) children with signiﬁcant variation between sites (p = 0.001). While one site
performed US in all enrolled patients, US was used in
less than 50% of children at three other sites. US utilization was signiﬁcantly higher in females compared with
males (198 of 267 = 74.2% vs. 217 of 352 = 61.6%;
p = 0.001). The negative appendectomy rates for children with and without US were similar at 8.1 and 4.2%
(p = 0.11). Twenty-two of 619 (3.6%) children had CT
performed, with a signiﬁcant variation between sites
(p = 0.0035). Of the 22 children who underwent CT, initial US was performed in 13 (59.1%). The US was incon-
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Figure 3. Variations in diagnostic imaging performed in the ED by site. Error bars represent 95% CIs. (a) Any diagnostic imaging
performed in the ED; (b) abdominal X-ray performed in the ED; (c) computed tomography performed in the ED; (d) ultrasonography
performed in the ED; (e) ultrasonography performed in the ED, females; (f) ultrasonography performed in the ED, males. Horizontal
solid and dotted lines represent the proportion in the overall population with 95% CIs. AXR = abdominal X-ray; CT = computed
tomography; US = ultrasound.

clusive in nine of these children; the remaining four had
associated abscesses that were further delineated with
the CT scans. In 181 of 547 children (33.1%) who underwent appendectomy, neither US nor CT was performed
preoperatively. Data Supplement S3 (available as supporting information in the online version of this paper)
describes the relationship between imaging results and
diagnosis of appendicitis.
Other Outcomes of Interest: Management Strategies
Other ED and surgical management strategies are summarized in Table 2. Less than half of all children (265 of
619) received narcotic analgesia during their ED stays,
while two-thirds (411 of 619) received antibiotics. A laparoscopic approach (laparoscopy or laparoscopy to
open) was used in 450 of 547 (82.3%) cases, with signiﬁcant variation between sites (p < 0.001). Hospital ﬂow
metrics for the entire sample are presented in Table 4.

Figure 4 illustrates variations in ﬂow metrics by site
using median time and IQRs.
DISCUSSION
To the best of our knowledge, we have conducted the
ﬁrst nationwide clinical study describing the variation in
diagnostic and management strategies used in children
admitted to Canadian academic hospitals with suspected appendicitis. A similar study evaluating trends in
imaging studies has been conducted in the United
States by Bachur and Hennelly.48 Our results demonstrate signiﬁcant site-speciﬁc variations in after-hours
surgical intervention, perforation rates, and negative
appendectomy rates, as well as in the majority of investigations and interventions performed.
Although acute appendicitis has historically been considered a surgical emergency requiring prompt inter-

Table 4
Flow Metrics (Median Time From Triage to Intervention) in Children Presenting to the ED With Suspected Appendicitis*
Metric

Mean (SD)

Median

Triage to laboratory investigations sent (min)
Triage to analgesia administered (min)
Triage to US performed (min)
Triage to antibiotics administered (min)
ED LOS (min)
Triage to appendectomy performed (min)
Hospital LOS (days)

147 (117)
252 (221)
378 (304)
402 (256)
464 (294)
717 (435)
3.2 (3.1)

116
196
275.3
331.0
395
608
1.98

IQR = interquartile range.
*For those children exposed to the intervention.
†Comparison across sites using Kruskal-Wallis testing.

IQR
73–185
102–308
176–469
233–474
278–544
394–950
1.24–3.93

p-value†
<0.001
<0.001
<0.001
<0.001
<0.001
0.003
<0.001
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Figure 4. Boxplots demonstrating the variations in flow metrics of children presenting to the ED with suspected appendicitis, by
site. (a) Time from triage to blood test; (b) time from triage to analgesia; (c) time from triage to ultrasound; (d) time from triage to
antibiotics; (e) emergency department length of stay; (f) time from triage to appendectomy. Vertical solid and dotted lines represents the median and interquartile range values for the population as a whole.

vention to reduce risk of morbidity (perforation, wound
infection, abscess formation, and sepsis), renewed
debate regarding optimal timing of surgical intervention
reveals contradictory data.20–25,49–53 The results of our
study demonstrate that appendectomy is infrequently
performed after hours in Canadian tertiary hospitals,
although variation across sites does exist. This practice
variation could be explained by site-speciﬁc surgical
policies or established management pathways, resource
availability, or the use of ED observation units. Our data
support previous studies that have demonstrated that
low rates of after-hours surgery did not appear to be
associated with perforation, although further prospective studies in the pediatric population should be performed to conﬁrm these results. One would expect that
after-hours appendectomy has implications in health
care utilization and costs relating to maintaining operating rooms during times when fee codes are higher and
stafﬁng allocation is lower. Therefore, efforts to minimize the proportion of after-hours surgeries may represent responsible stewardship of resources in the
nationally governed and provincially administered
Canadian public health system.
While the test characteristics of commonly used laboratory investigations3 may limit their utility in diagnosing appendicitis, almost all children in our study had at
least one blood test performed in the ED. It is possible
that the high rate of WBC measurement in our population is related to its presence in both the Pediatric
Appendicitis Score4 and Alvarado Score,5 which some
clinicians may have used during their decision-making
processes. Other investigators have shown a decreasing
trend in measurement of WBC in children with suspected appendicitis over time.54 We have also shown
that utilization of other blood tests varied signiﬁcantly

across sites, which may be related to test characteristics
that make them inadequate for routine use. While there
is promising preliminary evidence for several novel
markers used to identify appendicitis,10,55–57 these are
currently unavailable for routine clinical practice.
Our study has demonstrated signiﬁcant site-speciﬁc
variation in the use of imaging studies for children with
suspected appendicitis. At some sites, up to 50% of children had appendectomies performed on clinical assessment alone, while one site performed imaging studies
on every child. Overall, US performed by diagnostic
imaging staff represented the most common imaging
study performed, while the use of CT was infrequent.
Our very low rate of CT utilization in suspected appendicitis across Canadian sites is in contrast to recent
studies in the United States demonstrating median rates
of CT utilization of 34% to 40%.48,58 Recent concerns
regarding long-term effects of ionizing radiation15 have
led to attempts to limit exposure while maintaining low
negative appendectomy rates by using clinical scoring
systems or starting with US as the initial imaging
modality.59–61 Our study demonstrates that children
admitted to hospital from Canadian pediatric EDs with
suspected appendicitis have a very low rate of CT exposure and that overall almost one-third of appendectomies were performed without prior imaging studies.
The relatively low rate of analgesia administration
found in our study is concerning and reﬂects previous
studies evaluating the use of analgesics for children
with painful conditions in the ED.62 Historical reluctance
toward early administration of narcotic medications in
suspected appendicitis has since been refuted by evidence indicating that use of narcotics neither changes
the accuracy of diagnosing appendicitis nor does it
delay the decision for surgical intervention.63–65 A clear
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limitation to reporting pain management administration
retrospectively is that it does not identify children who
were offered analgesia but declined. One previous
review of analgesia administration in children presenting with suspected appendicitis emphasizes the need to
appropriately manage patients in pain.66 Several studies
have demonstrated improved rates of analgesia administration following the implementation of departmental
protocols and pathways.67 Integration of pain management into clinical ED appendicitis pathways may
improve rates of analgesic administration across the
country.
While traditional antimicrobial therapy for appendicitis has been “triple therapy,” with ampicillin, gentamicin, and metronidazole, recent Surgical Infection Society
(SIS) guidelines recommend that children with uncomplicated appendicitis receive prophylaxis with either single or double therapy to provide Gram-negative and
anaerobic coverage.68 For those children in our study
who received antibiotics in the ED, the majority were
managed with single or double therapy, in keeping with
the above SIS guidelines, although signiﬁcant variability
was shown; for example, some sites appeared to favor
speciﬁc therapeutic agents, but most proved less speciﬁc in their approach to antimicrobial prophylaxis.
Implementing SIS guidelines into departmental clinical
pathways may be useful in standardizing the approach
to antimicrobial administration in children with appendicitis.
The most common surgical approach in our study
sites was laparoscopy. A review of Pediatric Health
Information System data demonstrated an increasing
rate of laparoscopic approach from 22% in 1999 to 91%
in 2010. Lower rates of wound infection and intestinal
obstruction were noted with laparoscopy compared
with the open approach.69 Laparoscopy in Australian
children increased from <1% in 1999 to 70% in 2009.70
Although the 2012 data from the National Survey of
Research Commercialization in the United Kingdom
demonstrated somewhat lower rates of laparoscopy for
appendicitis (60%), this population included adults and
nontertiary sites, and some centers did not offer laparoscopy after hours or on weekends.71 A recent Cochrane review, and a pediatric-focused literature review,
recommended that the laparoscopic approach be used
unless there is a contraindication.72,73 While some surgeons may prefer an open approach in children with
perforated appendicitis, previous studies have suggested that complication rates in this population may be
no different with the use of laparoscopy compared to
the open technique.74
Despite variations in practice, the overall negative
appendectomy rate in our study was low; the majority
of sites had rates of less than 5%, although variation
certainly exists. Our data are consistent with the recent
Kids Inpatient Database analysis that showed a negative
appendectomy rate of 7%.75 Bachur and Hennelly48 also
demonstrated a rate less than 5% in their analysis of 40
pediatric EDs across America. Differences in negative
appendectomy rates across sites in our study may be
attributed to variations in the use of diagnostic strategies, although further prospective studies are required.
The negative appendectomy rate should also be viewed

819

in light of its balancing measure: the perforation
rate. Several factors are thought to increase the rate of
perforation, including young age,43 obesity, duration of
symptoms,21,25 and air quality index.76,77 Our overall
perforation rate (17.4%) was lower than those recently
reported by Aarabi et al.76 and Bachur and Hennelly48
(28 and 24%, respectively). This difference may be
explained by our exclusion of children less than 3 years
of age, who are known to have increased perforation
rate.43
LIMITATIONS
Although our study may be limited by its retrospective
nature, we standardized the methodology across all
sites. In addition, we enrolled consecutive hospital diagnoses of appendicitis and suspected appendicitis over
two different time periods to decrease the likelihood of
seasonal effects on care provided in the ED. This study
excluded children who required intensive care (and thus
a portion of children with perforation), as we postulated
that this population is more likely to receive initial management according to ED sepsis guidelines; our aim
was to characterize the more common scenario of the
stable child with suspected appendicitis.
Assessment of bias from missed cases was not performed; however, we used a standardized process
across sites to identify consecutive health records. We
did not examine the effect of weekday versus weekend
presentations, but as mentioned, we standardized
methodology across sites. Because our study was a retrospective review, we did not perform independent
review of the pathology samples to conﬁrm appendicitis or rupture; however, we applied a standardized
approach to determining appendicitis and perforation
using pathology reports. As our study was performed
exclusively at academic centers across the country, the
results may not be generalizable to general and community EDs and may underestimate the variation
across the population as a whole. While the diagnosis
and management of pediatric appendicitis is multidisciplinary in nature (emergency medicine, surgery, radiology), we were unable to ascertain how practice
variations between these specialties affected management. However, our design gave us the unique opportunity to explore how our colleagues in Canadian
pediatric hospitals manage children admitted for suspected appendicitis and the associated patient outcomes. Our study is limited to those children who
were admitted to hospital; future studies should report
the practice variations of those children who were
evaluated for suspected appendicitis and subsequently
discharged from the ED.
CONCLUSIONS
Across Canadian pediatric EDs, there exists signiﬁcant
variation in the diagnosis and management of children
at high risk of appendicitis. After-hours appendectomies
are performed infrequently in Canadian children while
use of diagnostic tests, management strategies, and hospital ﬂow metrics exhibit major variation across sites.
Our results indicate that the best approach to diagnos-
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ing and managing pediatric appendicitis remains
unclear, and we support the need for future prospective,
multicenter studies to optimize patient and health care
system outcomes.
The authors thank Joanne Bleackley, Rachel Kim, and Daniel Rosenﬁeld for their signiﬁcant contribution to data collection/management.
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